The application of novel investigative techniques has demonstrated that disordered gastric motility occurs frequently in diabetes mellitus. Gastric emptying is abnormal in about 50 % of diabetic patients and delay in gastric emptying of nutrient-containing meals is more common than rapid emptying. The blood glucose concentration influences gastric motility in diabetes. In IDDM patients, gastric emptying is retarded during hyperglycaemia and may be accelerated by hypoglycaemia. Gastroparesis therefore does not necessarily reflect irreversible autonomic neuropathy and blood glucose concentrations must be monitored when gastric motility is evaluated in diabetic patients. There is a poor relationship between gastric emptying and gastrointestinal symptoms and the mechanisms by which abnormal motility causes symptoms are unclear. The introduction of new gastrokinetic drugs has improved therapeutic options for the management of symptomatic patients with gastroparesis considerably. The contribution of disordered gastric emptying to poor glycaemic control is unclear, but the demonstration that the rate of gastric emptying is a major factor in normal blood glucose homeostasis suggests that this is likely to be significant. [Diabetologia (1994) 37: 543-551] 
Recent observations support the concept that abnormal gastric motor function has a major impact on the management of patients with diabetes mellitus. Disordered gastric motility due to diabetic gastroenteropathy is probably the most common cause of chronic gastroparesis [1] . Symptomatic diabetic gastroparesis is amongst the most incapacitating of all diabetic complications. A further, and possibly more important, rationale for treatment of disordered gastric emptying in diabetes is to improve the control of blood glucose concentrations.
Rundles in 1945 [2] was the first to clearly document the association between delayed gastric emptying and diabetes, although in 1937 Ferroir observed: "X ray examination showed that in diabetes the stomach ... motor responses are weaker than normal and die out quickly" [3] . The descriptive term "gastroparesis diabeticorum" was coined by Kassander in 1958 [4] . Disordered gastric motility was thought until recently to be a relatively infrequent complication of diabetes [2, 5] . However, cross-sectional studies have demonstrated that gastric emptying of solid, or nutrient liquid meals is delayed in about 50 % of diabetic patients [6] [7] [8] [9] . The prevalence of delayed gastric emptying in IDDM and NIDDM is probably similar (Fig. 1 ) [6] [7] [8] .
Retardation of gastric emptying is often associated Fig, 1 . Gastric emptying expressed as the amount of a solid meal (S) (100 g 99mTc-minced beef) remaining in the stomach at 100 min after meal completion and the 50 % emptying time for a liquid meal (L) (150 ml u3mIn-DTPA 10 % dextrose) in 87 randomly-selected out-patients with diabetes (67IDDM, 20 NIDDM) and 25 normal volunteers. Gastric emptying of the solid meal is slower than the upper limit (mean + 2 SD) of the normal range in 34 % of the diabetic patients and more rapid in one. Liquid emptying is delayed in 45 % of the patients and more rapid in 6 %. The mean plasma glucose concentration during the gastric emptying measurements was 15.6 + 0.6 mmol/1. Horizontal lines represent median values (from Horowitz et al. [7] ) Figure 1 . The normal range for gastric emptying is shown in the shaded area (from Horowitz et al. [7] ) with abnormal intragastric distribution of food [10] . Gastric emptying, particularly the "early phase" of liquid emptying, is sometimes faster than normal [7, 11, 12] . A recent study suggests that rapid gastric emptying of nutrient liquids may be characteristic of "early" NIDDM [13] . There is a poor relationship between transit in different regions of the gastrointestinal tract in diabetes [6] [7] [8] . It seems likely that the prevalence of gastroduodenal motor abnormalities will be greater than that of disordered gastric emptying [14] , but this issue has not been addressed. The prevalence of abnormal gastric emptying during euglycaemia has not been evaluated; in view of the demonstration that hyperglycaemia slows emptying (as will be discussed) it is likely to be less than that reported for diabetic patients in M. Horowitz and R. Fraser: Gastric motor function in diabetes general [6] [7] [8] [9] [10] [11] . Studies to evaluate the prevalence of disordered emptying in patients with brittle diabetes are also required. There is no adequate information about the natural history of disordered gastric motor function in diabetes. It will be important to determine whether the risk is influenced by long-term blood glucose control or genetic factors, which have been implicated in the aetiology of autonomic nerve dysfunction. Although symptomatic diabetic gastroparesis has been considered to be associated with a poor prognosis [5] this assumption may be incorrect [15] . In particular, delay in gastric emptying, like cardiovascular autonomic impairment, is not inevitably a "late" complication of diabetes [7] [8] [9] .
Clinical manifestations
"The retention of stomach contents in a diabetic obviously may cause confusion as far as food intake and utilization are concerned." Kassander (1958) Disordered gastric motility may theoretically cause upper gastrointestinal symptoms, alterations in glycaemic control and changes in oral drug absorption.
Gastrointestinal symptoms
Although appropriate population-based studies have not been performed there seems little doubt that there is a high prevalence of upper gastrointestinal symptoms in diabetic patients [7, 8, 16, 17] . However, the initial expectation that there would be a close concordance between delay in emptying and the presence of symptoms such as nausea, abdominal discomfort and vomiting [4] has not been substantiated. In contrast, the relationship between gastric emptying and gastrointestinal symptoms is relatively poor [6] [7] [8] [9] [18] [19] [20] [21] [22] , so that up to 50 % of patients with marked delay in gastric emptying have few, or no upper gastrointestinal symptoms (Fig. 2 ). These observations have led inevitably to the recognition that while abnormal emptying occurs frequently, its role in the aetiology of gastrointestinal symptoms is unclear. Delayed gastric emptying should therefore be considered as a marker of gastroduodenal motor abnormality, rather than the direct cause of symptoms. Symptoms, which are presumed to result from disordered motility, are likely to be multifactorial in origin. In some patients, they may reflect disordered oesophageal, small intestinal or colonic motility [7, 8, 16] or arise from psychiatric abnormality [17] . Abnormal gastric myoelectrical activity may play a role, but evidence to support this concept is limited [23] . Abnormal feedback from mucosal sensory afferent receptors in the stomach or small intestine may theoretically cause symptoms [24] , but this has not been evaluated. 
Glycaernic control
The rate of gastric emptying acts as a major factor in blood glucose homeostasis in normal subjects by controlling the delivery of carbohydrate to the small intestine [25] [26] [27] [28] . For example, gastric emptying accounts for 34 % of the variance in peak plasma glucose after a 75-g oral glucose load in normal subjects, so that peak plasma glucose is greater if gastric emptying is more rapid [25] . The alterations in oral glucose tolerance observed in normal subjects as a result of stress are likely to reflect changes in gastric emptying [26] . Because of deficient counter-regulatory responses, factors which modulate gastric emptying in normal subjects, including cigarette smoking and many drugs [1] , would be expected to have a major impact on oral glucose tolerance and the glycaemic response to carbohydrate-containing meals in diabetic patients [29] [30] . The beneficial effects of high glycaemic index foods and certain forms of fibre on glycaemic control in NIDDM are likely to reflect retardation of gastric emptying [29] as well as slower intestinal carbohydrate absorption. It has been suggested that gastric emptying of carbohydrate-containing liquids is normally regulated at about 2 kcal/min as a result of feedback from mucosal receptors in the small intestine [1] . However, recent observations indicate that feedback from these receptors can be influenced by patterns of prior nutrient intake [31, 32] . For example, in healthy humans gastric emptying of glucose is faster after dietary supplementation with glucose for 3 days (Fig. 3 ) [31] . Adaptive changes in emptying, which may be specific for certain nutrients, are probably more likely to reflect a decrease in the number or affinity of small intestinal receptors, rather than altered nutrient absorption. It will be important to determine the influence of previous dietary intake on gastric emptying in diabetic patients.
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The possibility that abnormalities of gastric emptying, due to irreversible autonomic nerve dysfunction or variations in blood glucose, contribute to poor glycaemic control in diabetes by causing a mismatch between the onset of insulin or oral hypoglycaemic drug action and the absorption of nutrients from the small intestine, has not yet been investigated adequately. Such a relationship would have major implications for the management of patients with poorly-controlled diabetes. It is also possible that delayed gastric emptying could be an advantage, particularly in NIDDM, because carbohydrate may be absorbed more slowly in co-ordination with the delayed insulin release characteristic of this disorder [29] [30] . Whether identification of abnormal emptying is likely to improve glycaemic control is perhaps best initially addressed by determining whether pharmacological improvement of delayed gastric emptying has beneficial effects on blood glucose control in IDDM. Theoretically, gastrokinetic drugs will also reduce changes in gastric emptying occurring as a result of alterations in blood glucose, making the delivery of nutrients to the small intestine more predictable.
Oral drug absorption
Because most drugs are absorbed more slowly from the stomach than the small intestine, gastric emptying is an important determinant of oral drug absorption [1] . However, when oral pharmaceuticals are given chronically changes in gastric emptying would not be expected to have a major influence on steady-state blood concentrations. There is little information about drug absorption in diabetes [33] , but it would be surprising if absorption of many drugs, including alcohol, was not slower in patients with gastroparesis. In normal subjects the absorption of glibenclamide correlates with the rate of gastric emptying, and absorption of glipizide is slower during induced hyperglycaemia when compared to euglycaemia [1, 34] . The latter observation presumably reflects retardation of gastric emptying. Fasting antroduodenal motility may also influence drug absorption. Normal fasting antral motility is cyclical and consists of three phases which have a cycle time of about 100 rain: phase 1 -motor quiescence, phase 2 -irregular contractions and phase 3 -regular high amplitude contractions at the maximal rate of about 3 per min for approximately 5 min [1] . This activity is not interrupted by intake of small volumes ( < 150 ml) of non-nutrient liquids (including tablets and capsules) and solid particles greater than 2 mm in size are usually only emptied when phase 3 occurs in the stomach. Gastric phase 3 activity is absent in many patients with diabetes [35, 36] and this could lead to grossly delayed drug absorption. Hg.4. Manometric recording of pressures in the antrum, pylorus and duodenum after ingestion of a solid meal in a normal subject (left) and a diabetic patient with gastroparesis (right). The position of the recording channels is shown. In the normal subject there are a number of antral pressure waves 9 In the diabetic patient there is evidence of antral hypomotility. The plasma glucose concentration was 15 mmol/l (from Horowitz and Dent [1] )
Diagnosis

"While the clinical evidence of grossly disturbed gastrointestinal motility in these cases is indisputable, it has
been difficult roentgenologically to demonstrate positive findings." Rundles (1945) Because the predictive value of symptoms is poor [7, 8] , objective measurement is required for the diagnosis of disordered gastric motility in diabetes. Such measurements should ideally be made during euglycaemia. At a minimum blood glucose concentrations must be monitored. Endoscopy and sometimes barium studies are necessary to exclude gastric outlet, or proximal small intestinal, obstruction and other disorders that may cause non-specific upper gastrointestinal symptoms, such as peptic ulcer and oesophagitis. A number of techniques are now available to study gastric motility in humans. These methods, which fall into three categories: measurements of gastric emptying (principally scintigraphy, radiology and ultrasound), intraluminal pressure measurements (manometry) and recording of gastric electrical activity using surface electrodes (electrogastrography), have been reviewed elsewhere [1] . Scintigraphic measurement of gastric emptying is at present the most accurate and clinically applicable method. Radionuclide markers are incorporated into meals and a gamma camera is used to record the abdominal distribution of radioactivity. Because the relationship between emptying of solids and liquids is relatively poor, gastric emptying in diabetic patients should ideally be evaluated with a test meal containing discretely labelled solid and nutrient M. Horowitz and R. Fraser: Gastric motor function in diabetes liquid components [7, 11] . Non-nutrient liquids, such as water, which do not stimulate mechanisms which retard gastric emptying, should not be used. The major disadvantage of scintigraphy is that it requires expensive equipment, often with limited availability. Contrast studies using liquid barium should not be used to evaluate gastric emptying, but X-ray evaluation of the emptying of radiopaque markers may be useful [37] . The use of gastropyloroduodenal manometry has provided substantial insights into the physiology of normal gastric emptying and the dysfunctions associated with disordered gastrointestinal motility in diabetes [36] [37] [38] [39] . At present this remains a highly specialised technique which is likely to gain acceptance as a clinical procedure.
Gastroduodenal motor dysfunctions -potential causes of disordered gastric emptying
The mechanical controls of normal gastric emptying are still poorly understood. The traditional concept that tonic contraction of the gastric fundus has the major control Over liquid emptying, whilst gastric emptying of solids is dependent on the grinding function of the antrum, has been challenged by the observation that transpyloric flow is mainly pulsatile. Recent studies indicate that the rate of gastric emptying is related to the relationships between contractions generated by the fundus, antrum, pylorus and proximal small intestine [1] . Patterns of postprandial motility are critically dependent on meal composition (i. e. solid, nutrient or non-nutrient liquid) and volume. Localised pyloric contractions appear to play an important role in the regulation of nutrient emptying by acting as a brake [1, 32] .
In diabetic patients the major emphasis has been on antral motor function, assessed manometrically as a "motility index". The latter measurement takes into account the amplitude and frequency of pressure waves, but provides no information about their spatial or temporal organisation, which are likely to be a major determinant of their mechanical consequences. Most studies have been performed in symptomatic patients who were assumed to have gastroparesis [14, 36] , but in view of the poor relationship between symptoms and gastric emptying, it is unlikely that all had delayed emptying. Interpretation of previous observations is also hampered by the fact that blood glucose concentrations were often not stabilised, or even monitored, and the position of the manometric catheter was not localized precisely. Because no studies have measured pressures in the proximal stomach, antrum, pylorus and duodenum simultaneously with transpyloric flow, there is considerable uncertainty about the relative contribution of regional abnormalities of motor function to disordered gastric emptying.
Despite these limitations it is clear that abnormalities of both fasting and postprandial motility occur S L (retention at 100 min) (50% emptying time) frequently and that gastric motor dysfunctions are complex and variable [14, [35] [36] [37] [38] [39] [40] . A high prevalence of abnormal gastric electrical activity has been reported and may underlie the disordered motility [23] . In the fasted state phase 3 of the interdigestive motor complex in the stomach is characteristically absent, or reduced in frequency [35, 36] . This is likely to account for delayed emptying of larger non-digestible solids and the recognized complication of bezoar formation. Postprandial antral hypomotility occurs frequently in patients with presumed gastroparesis [14, 36] and is likely to contribute to delayed emptying. A reduction in the number of antral pressure waves which are temporally associated with duodenal waves may be particularly important in this regard (Fig. 4) [38] . Although it has been reported that increased localized pyloric motility contributes to delayed emptying in diabetic gastroparesis [39] , pyloric pressures were evaluated by an inadequate technique [1] . We found no evidence of an in-547 crease in either basal or phasic pyloric motor activity during euglycaemia [38] , suggesting that increased pyloric resistance is unlikely to be a major factor contributing to retardation of transpyloric flow. Proximal small intestinal motility is frequently abnormal in diabetic patients with gastroparesis and may contribute to delayed emptying [36] . There have been no adequate studies of fundic motility in diabetes [12] .
Pathogenesis -impact of blood glucose concentration
"Insulin alleviates motor abnormalities, even without resulting in hypoglycaemia." Ferroir (1937) Gastroparesis and disordered gastric motility are more frequent in long-standing diabetes with other diabetic complications [7, 8, 14] supporting the traditional belief that disordered gastric motility reflects irreversible vagal nerve damage [2] . However, there is a relatively poor correlation between gastric emptying and cardiovascular autonomic nerve dysfunction [7, 8] . In animal models of diabetes, the neural innervation and neuropeptide content of the gastrointestinal tract is abnormal [41] and in preliminary human studies a decrease in the density of unmyelinated axons in the abdominal vagus was observed [42] . However, a more detailed study found no abnormalities in the gastric wall, or abdominal vagus in patients with diabetic gastroparesis [43] . Although this latter report was not comprehensive and the techniques used were relatively insensitive, it seems clear that the absolute number of neurones in the myenteric plexus is not reduced in diabetic gastroparesis. This observation is not unexpected and does not argue strongly against the concept that an irreversible defect in cholinergic function contributes in many cases to disordered gastric motility in diabetes. Further histological studies are required. The significance of hormonal changes to abnormal motility is uncertain. An increase in plasma motilin has been reported in patients with gastroparesis [35] , but this has not been a consistent observation [40] .
Recent studies indicate that the blood glucose concentration has a major influence on gastric motor function in diabetic patients and, possibly, in normal subjects [7, [44] [45] [46] [47] [48] . Gastric emptying in IDDM is slower during hyperglycaemia than during euglycaemia (Fig. 5 ) [46] indicating that delayed gastric emptying does not always reflect "irreversible" autonomic neuropathy. This finding potentially has major implications in relation to nutrient absorption, the diagnosis of gastroparesis and the evaluation of the effects of pharmacological agents on gastric motility. An important, but unresolved issue is whether gastric emptying is affected by modest elevation of blood glucose within the physiological range, but the observation that fasting antral motility is suppressed by serum glucose levels as low as 7.8 mmol/1 in normal subjects [47] supports this concept (Fig. 6) . The mechanism(s) by which hyperglycaemia slows gastric emptying are likely to be indirect. Alterations in vagal activity, gastric electrical activity, the secretion of gastrointestinal hormones (motilin, calcitonin gene-related peptide, glucagon, gastric inhibitory polypeptide) and myogenic mechanisms may all be important. Hyperglycaemia also affects motility in other regions of the gastrointestinal tract [48] .
The motor mechanisms by which hyperglycaemia slows emptying have not been examined in diabetic patients. In normal subjects, induced hyperglycaemia decreases the number of antral pressure waves [44, 47] , and stimulates localized pyloric pressure waves [44] , a pattern of motility which is associated with retardation of transpyloric flow [1] . Hyperglycaemia is therefore likely to account, at least in part, for studies reporting reduced antral phase 3 activity, retention of non-digestible solids and increased localized pyloric pressure waves in patients with presumed gastroparesis [14, 36, 39] in whom blood glucose was not monitored. In support of this concept, we have noted that transpyloric intubation is more easily achieved in diabetic patients if an elevated blood glucose concentration is normalised.
Gastrointestinal symptoms are a well-recognized feature of insulin-induced hypoglycaemia, but the effect of hypoglycaemia on gastrointestinal motility has received relatively little attention. In normal subjects hypoglycaemia has no effect on fasting pyloric pressures [49] . In a recent study, insulin-induced hypoglycaemia was reported to increase the rate of gastric emptying in IDDM, but the study design was suboptimal [50] . If confirmed, this effect may have major role in normalizing the blood glucose. It is possible that the presence of gastroparesis, or autonomic neuropathy is associated with an impaired gastric motor response to hypoglycaemia which could contribute to defective counter regulation of hypoglycaemia.
Treatment
Until the issue of whether pharmacological improvement in delayed gastric emptying, or "stabilization" of disordered emptying, results in better glycaemic control is resolved, the primary rationale for treatment is the occurrence of gastrointestinal symptoms attributable to disordered gastric motility. In asymptomatic patients with gastroparesis there is therefore at present no compelling indication for treatment. Before initiating therapy, other causes of gastroparesis, particularly reversible causes, such as electrolyte abnormalities, hypothyroidism, anorexia nervosa and drug side effects must be excluded [1] . The efficacy of dietary modifications (i. e. low fat, frequent meals and avoidance of nondigestible solids) has not been formally evaluated, but is often disappointing. Anecdotal reports suggest that improved blood glucose control may result in symptomatic improvement. A preliminary study reported that M. Horowitz and R. Fraser: Gastric motor function in diabetes successful pancreatic transplantation may improve delayed gastric emptying [51] . The effect of aldose reductase inhibitors on gastric motility has not been evaluated. Antiemetic drugs such as prochlorperazine may provide some relief from nausea and vomiting, but are usually relatively ineffective and may exacerbate delay in gastric emptying because of their anticholinergic properties.
The outcome of present surgical treatments for diabetic gastroparesis is frequently unsatisfactory and may be associated with deterioration [1] . Surgery should only be performed in specialised centres when the patient has failed to respond to all other treatments. The choice of surgery may be influenced by measurements of gastric motility and the ability of the small intestine to handle a nutrient load. Surgical therapies for diabetic gastroparesis may improve with better understanding of pathophysiology. While electrical pacing of gastric muscle is technically possible, experience with this approach is much too limited for it to be considered. The most effective approach to the treatment of symptomatic patients with gastroparesis is the use of drugs designed to increase the rate of gastric emptying [1, 21] . The heterogeneous nature of the motor dysfunctions in diabetic gastroparesis implies that it may be impossible to achieve correction of all motor/sensory abnormalities with one agent. The four prokineticdrugs that have been used widely to treat diabetic gastroparesis are metoclopramide [18, 52] , domperidone [23, 53] , cisapride [11, 19, 20, 54] and erythromycin [55] . Their pharmacological properties which lead to improvement in gastric emptying are poorly understood, but involve dopamine receptor blockade (domperidone and metoclopramide), stimulation of motilin receptors (erythromycin) and stimulation and blockade of subtypes of 5-hydroxytryptamine receptors (metoclopramide and cisapride) [1] . In most cases their use is associated with increased acetylcholine release from the gastric myenteric plexus. Metoclopramide (usual dose 10-20 mg orally four times a day) has central antiemetic properties and causes dose-related neurological side effects in up to 20 % of patients. Domperidone (usual dose 10-20 mg orally four times a day) is rarely associated with neurological side effects because it penetrates the blood-brain barrier poorly. Cisapride (usual dose 10 mg four times a day) is generally very well tolerated. Erythromycin is well known to cause gastrointestinal side effects such as nausea, diarrhoea and abdominal cramps. Effects of erythromycin on gastric motility are dose-related [40] and acceleration of emptying occurs at doses of about 3 mg/kg i.v. or 250 mg orally three times a day [55] . While infusions of motilin increase the rate of gastric emptying in diabetic gastroparesis [56] the short halflife precludes clinical use. Motilin agonists devoid of antibiotic activity, which have a longer duration of action are currently under development.
Single doses of all of these drugs increase gastric emptying in diabetic patients with gastroparesis [1, 21] .
In general, the magnitude of improvement is dose-related and greater when gastric emptying is more delayed [1, 54] . There is relatively little information about the mechanical effects which are responsible for faster gastric emptying. Cisapride and erythromycin increase the number of antral, pyloric and duodenal pressure waves which are temporally related and suppress those pressure waves which are localised to the pylorus [40, [57] [58] [59] .
Although cisapride, domperidone and metoclopramide have been usually found to be more effective than placebo in improving symptoms [21, 52, 53] , this has not been a consistent observation [11, 22] and there is an absence of prolonged placebo-controlled cross-over studies. It is clear that there is only a weak, if any, relationship between effects on gastric emptying and the magnitude of symptomatic improvement [19, 20, 53] . The reason for this is uncertain. There have been few formal comparisons between drugs [11, 54] and the effect of the blood glucose concentration has generally not been accounted for in the evaluation of pharmacological therapies. The probability that certain drug combinations e.g. domperidone and cisapride may be synergistic has not been adequately addressed.
It is therefore not surprising that there is some dispute as to the optimal choice of prokinetic therapy [1, 21] . There is some evidence that the gastrokinetic efficacy of metoclopramide [18, 52] , domperidone [53] and erythromycin [55] diminishes during prolonged administration and this may account for symptom recurrence. Cisapride appears to have a sustained action [20, 60] , is more potent than equivalent doses of metoclopramide [54] and is probably the agent of first choice at present. Metoclopramide and domperidone are useful alternatives, particularly because of their central antiemetic properties. There is limited information about the long-term effects of erythromycin, but the use of parenteral erythromycin ( -3 mg/kg i. v.) may be of particular value in the initial management of diabetic patients with severe nausea or vomiting and in facilitating the passage of transpyloric tubes. A single intravenous dose (200 mg i. v.) of erythromycin, the most potent of all the available drugs, makes emptying of a semisolid meal faster than normal in diabetic patients with gastroparesis [55] . Cisapride and domperidone are not available for parenteral use. When facilities for radioisotopic gastric emptying measurement are not available, prokinetic drugs may have to be given empirically. When a therapeutic trial is given, for perhaps 4 weeks, measurement of gastric emptying must be performed if symptoms persist, or if they recur following cessation of therapy. No studies have evaluated whether prokinetic therapy is useful in diabetic patients who have significant upper gastrointestinal symptoms, but normal gastric emptying.
Despite improvements in pharmacotherapy treatment of gastrointestinal symptoms in diabetic patients is not uniformly satisfactory [1, 21] and there is a need for new therapeutic approaches. Pharmacological modification of sensory feedback from the gastrointestinal tract represents an area of considerable research activity and is likely to be a useful therapeutic approach to the management of gastrointestinal symptoms. Antagonists of serotonin (5HT3) receptors and opiates show particular promise in this regard [1] . The role of biofeedback techniques (such as the use of gastric distension) in the treatment of symptomatic gastroparesis also warrants evaluation.
Conclusions
The application of novel investigative techniques has contributed to an increased understanding of the prevalence, pathophysiology and treatment of disordered gastric motility in diabetes. Abnormal gastric emptying, particularly delayed emptying, occurs frequently and the rate of gastric emptying is influenced by the blood glucose concentration. Disordered gastric motility is likely to be responsible for most upper gastrointestinal symptoms in diabetic patients, but the mechanisms by which abnormal motility leads to symptoms are poorly understood. It appears probable that abnormal gastric emptying contributes to poor glycaemic control. Gastrokinetic drugs have improved therapeutic options for symptomatic patients with gastroparesis considerably. Future approaches to modulate gastric and small intestinal sensory responses may lead to significant advances in treatment.
